VIRTUAL ORTHODONTIC TREATMENT 



FIELD AND BACKGROUND OF THE INVENTION 

The present invention is generally in the field of orthodontics. 

An orthodontic treatment has the objects of moving 
teeth for both functional or aesthetic purposes. In such a treatment, the orthodont 
places a variety of orthodontic components on the teeth including brackets, which 
are firmly fixed to the teeth, and other components including wires, tensioning 
springs, etc., which apply forces and moments on the teeth, through the brackets, 
thereby causing the teeth to move. A major problem facing the orthodont is to 
predict the final outcome of the orthodontic treatment Another problem to focus 
is to define the proper placement of the brackets and to select the proper 
force-inducing components to best yield the desired outcome. Currently, the 
design and predicting of orthodontic treatment is based mainly on the orthodonf s 
personal "look and feel" and prior experience skills. This approach is not only 
error prone but also varies from one individual to the other, which is obviously 
undesired. 

There is accordingly a need in the art to provide the orthodont with 
a tool for visual demonstration, design or predicting of possible outcome of an 
orthodontic treatment. Provided by the invention are method and system therefor. 
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GENERAL DESCRIPTION OF THE INVENTION 

a. tt , In 11,6 C ° n,eXt ° f ^ PrcSeW descri P tion - *• appended claims 

o*. The term » ortAafofttfc „„ refe fc , ^ « 
« least one tooth; namely, an orthodontic freatinen, shonld be understood as 
encompassing a procedure where aU or only part of the teeth (, g . ttcth of me 
^Wof^in,^^,,^^^ Furu.ermore.titeterm 
~» refers both ,o a treahnen, intended to yieid movement to 
reach a final, close to ideal outcome of me treaUnen, as well as to an interim 
treaunen. yielding an mterim position and orientetion of me teem. In other 
words, the term "ortHoaontic treats- mentioned herein encompasses both a 
■reatmen. from an initial stage, i.e. before the treatment began, through to a final 
stages treatment from an initial stage to an interim stage; as well 
<^ent from an mterim stage to anofter mterim or final stage. 

Tne term "virtual treatment" (referred to also, occasionally as 
vutual orthodontic treatment) as used herein means an orthodontic tinmen, as 
sunulatod on a computer. A virtual freamtent may use virtual components (i e 
'component- in the virtual computer environment) such as brackets wires ' 
tenstoning springs or rubber bands, corresponding to real components as used in a 
real hfe orthodontic treatment, b« may also' use components which are not 
normally used in real-life treatment; and also components used in real-life 
treamten, but are used in the virtual treatment m a different manner. Thus, for 
example, a virtual orthodontic treatment may use wires which are no, normally 
used m a real life orthodontic treatinent; may use wires of a cross-section other 
than such used in a real-Ufe orthodontic treamtent; may combine wires and 
bracket m a manner whereby the brackets are biased towards a rotational 
movemen, around the axis of the wire which is usually no, performed in a 
real-hfe orthodontic treatment; eto. It will therefore be understood that the result 
of vntual treamient is not necessarily the same as the actual real treatinent 



In the following, a method and system for virtual treatment is 
d.c,osed. Manna, systems may be used by an orthotic* to famine val 
al^rnanve treahnen, paradigms and compare mem to one another so as to see 
winch one will yidd me ^ resuIt For ^ fc ^ ^ 

*e*nent where one or more teem are exhaoted to another treatment where aU 
¥«h are left m tact ta ^ &c ^ ^ ^ rf ^ ^ 

allow afco the orthodon, to seta me orthodontic component which he will 
evenly use in me real-life treatment to predict me course, toe and cost of the 
treatment This will all be clarified from the disclosure below. 

It will also become clear from the following disclosure, the 
orthodontic treatment may be made to resemble a real-life orthodontic treating 
although not necessarily so, and occasionally, the orthodontic treatment may me 
components or may app ly a set of rules which are not directly applicable to 
real-life treatment 

The present invention provides, by one of its aspects, a method for 
virtual orthodontic treatment, comprising: 

(a) providing a first virtual three-dimensional image indicative of a 
three-dimensional (3D) model of teeth from at least one jaw, the model being 
manipulable so as to allow its viewing from a desired direction; 

(b) selecting a virtual set of orthodontic component, and associating 
the components with the teeth of said first image so as to obtain a second image 
of said 3D model with said components associated therewith; 

(c) using a set of rules, including at least one rule, defining the effect of 
said set of components on said teeth, computing the manner of movement of the 
teeth as a result of said effect, so as to obtain a third image comprising the teem 
model following the virtual treatment 

The set of orthodontic components selected in step (b) includes 
components which are capable of imparting movement between at least two teeth 
For example, the set may include at least two brackets and a wire, may include 
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no, necessariiy, about 5 to about , 0 brackets ta tte _ of . ^ * * 
between about 5 to about 16 in the case of an adult's jaw. 

The set of orthodontic components may be represented as an image 
winch* stmtiar to the image of me real orthodontic component, as seen in W 
hfc However, orthodontic component may also be represented by any other 
graph* representations. For example, the wire may be represented by a straight 
or curved line; a bracket may be represented by rectongular flame, , etc. 

m accordance with some embodiments of me invention, the set of 
components includes bracks and a wire and the ntle dichttes mat eventually aU 
slots which receive the wire will be aligned wim the wit* where the latter is 
arranged as a splined curve indicative of the desired result of the virtual treatment ' 
In other words, in mis case the wire represents the desired results of alignment of 
all slots following the virtual treattnent Tins, by such an embodiment a 
component which represent a real-life component, i.e. a wire; is used in a 
mfieren, manner fcan in a real-life treatment in that it dictates the result of the 
treattnent This embodiment thus illustrates a general principfe in some 
embodiments of the invention that while in a real-Hfe treatment components act in 
combination to apply forces on teeth and the movement is a result of such applied 
forces, m a virtual treattnent of the invention, the components may also dictate tire 
final result However, tins does not exclude apossibility, in acoordance with some 
other embodiments of the invention, where the movement of the teeth is dictated 
by forces and moments, which in tins case are the set of rate, which act on tire 
teem under influence of the different components. 

Thus, as will be appreciated, occasionally, the component and the 
set of rules may be associated with one another. Taking the previously illustrated 
embedment as an example, the component which is a wire definins a splin-d 
curve, has with it an associated rule dictating that the brackets, with the associated 



tec h, should move, vertically, but possibly also horizontally, so that aU brackets 
wt.1 eventual* be positioned such that their respective slots are on the splined 
curve defined by the wire. In addition to the desired fina! result, the set of rules 
may also stipulate the comptifcfional a,gorithm defining the manner of movement 
of the teeth to yield said final result 

The set of rules may also allow, for example, the removal of the 
tooth o, certain circumstances. For example, in the case of crowdness i e 
^sufficient space for all teeth to assume an ideal position and orientation (a 
posttion and orierrtation such that me apex of ali teem are essentially on one 
splmed curve), an interfering tooth may be removed. Tic removal may by one 
embodiment, be automatic; by another embodiment, the user may decide' in such 
a case which tooth is to be removed. 

As will be explained in greater detail below, the set of rules is not 
touted to a specific implementation. Thus, by way of example, me set of rules 
may be extiacte4 from a static set of rule database, or by way of another example 
from a dynamic learning diabase holding a rule base that may be adjusted 
dependmg upon e.g. various characteristics of the individual patient that 
undergoes the treatment 

The purpose of the virtual orthodontic treatment may be to change 
the relative orientation of the teeth, to change a distance between the teem, to alter 
the inter-occlusion of distance between teeth of opposite jaws, etc. 

In accordance with one example, where the teeth are such that they 
do not fill the entire space in a jaw (namely with an edge of one tooth being in 
proxumty to a neighbouring tooth), the set of rules may also allow the addition of 
a tooth, which may, in the case of a child's jaw, represent a tooth which has not 
yet grown or, in the case of an adult's jaw, a crown which may be implanted in a 
real -ife treatment 

Steps (b) and (c) may be repeated a plurality of times until 
obtaining a desired result of the virtual treatment In a repeated . step (b>, a 



component airendy S e.ected in a previous step may ^ 
mode, . a differ manuer, e.g. ap plying „ on a differeM ^ ^ 
tooth » a differ manuer, etc; or new components may be ^ ' ^ 
brackets, new rubber bands, a different wire; etc. 

teed, of b * ^ e 3D tCeth m0de ' ^ ^ ° f a " ** te 3 jaW ' ™» be a -del of 

teeth of bofl, jaws, may be a mode, of part of the teeft of one or both jaws 
The term Wtamg" as med herein denotes fa ^ 

combnung orthodontic component with feem and to typical* (but not 
necessardy) in a manner ma, stimulates combination thereof in real life treatment 
Typtcal, butno, exclusive examples, being: attaching brackets to teem a. different 
Potions or orientations; fixing a wire into me brackets wire-reiving slot- 
shdmg me bracket and the wire one with respect to another, changing fce angle of 
me wrre-receiving slot within me bracket so as to change the torque or moment 
between the wire and the bracket; fixing a tensioning spring or band around two 
adjacent teem; etc. The wire chosen whhin me framework of me virtual 
treatment may have various geometties, e.g. straight or spline-curved, and various 
cross-sectional shapes, e.g. circufar, oval, rectimgufar, etc. (usually to track me 
ideaf curvature of the teeth arrangement in a jaw). 

In accordance with another aspect of the invention, there is 
provided a method for desigmng orthodontic treatment of teem from at least one 
jaw, comprising: 

(a) providing a virtual three-dimensional image indicative of a 
three-dtmensional model of the teem in a manner allowing manipulation of the 
model for viewing the model from a desired direction; 

(b) selecting a virtual set of orthodontic components correspondmg to 
those mtended ,o be used in said orthodontic treatment and associating me 
components with the teeth of said first image so as to obtain a second image of 
sard three-dimensional model with said components associated therewith in a 
manner representing me manner in which said components and the teem r-v V- 



combined in said orthodontic treatment; 

(o) using a set ofru.es, including a, leas, one rule, defining the manner 
» winch satd eomponents affeot movement of the teeth, so as «o obtain a third 
unage comprising the teeth mode, after movement of the teem affected by said 
components; 3 

(d) repeating steps (a) and (e) unti. a desired third image is obtained, 
whtch desned third image represents a desired position and orientation of tee* 
followmg the orthodontic treatment; 

(e) recording said second image which yields, following step (c) the 
destred third image and using it as a basis for designing the orthodontic treatment 

In addition to allowing a design of the treatment, the method to 
accordance wim the second aspect may also be used to predict me length of me 
treatment as well as its costs. 

By a further aspect the present invention provides a system for a 
virtual orthodontic treatment, comprising: 

(a) storage means capable of storing a first virtual three-dimensional 
image indicative of a three-dimensional model of teeth of at least one 
substantially entire jaw; 

(b) ^ mterface for enab^ 
components; 

(c) 

processor capable of at least: 
(cl) manipulating said three-dimensional model to allow its 
viewing from a desired direction, 

(c2) associating said set with the teeth of said first image to 
obtain a third image of said three-dimensional model with said 
components associated therewith, and 

(c3) applying a set of rules, including at least one rule, 
detaining effect of said components on the teeth so as to cause 
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virtual movement of the teeUt a, a result of association with said 
components to obtain a third teeth model; and 

(d) display means for displaying the images, 
virtual ,H , ReSSldlCSS ° f<be aSPeCt mder "-deration, the generation of 

r 1* T 10 ^ " e " * ^ * -hnio.e 

descnbed a PCT Publication No. WO 97/03622, the contents of which is 
mcorporated herein by reference. 

By a still further aspect me present invention provides an apparaius 
havtng a memory which conteins a digfcu image representing a tfcee-dmrensiona, 
teeth model following a virtuai orthodontic treatment, which image was generated 
by any of the above methods. 

By a further aspect there is provided a memory for storing data for 
access by an application program, implementing the steps (b M c) according to a 
method of each of the above aspecte; the application program being executed on a 
dam processing system; the date representing a first virtual three-dimensional 

mtege,mdicativeofmemree^imenaional m odelofteethofonejaw Alao 
pmvtded is a memory for storing date representing a second virtual 
ttoee-dtmensional image, obtained by implementing the above method. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding, the invention will now be described by 
way of example only with reference to me annexed drawings in which: 

Fig. 1 illustrates two components, a bracket and a wire, selectable by the 
user m a virtual treatment in accordance with one embodiment of the invention; 
Fig. 2 is a cross-sectional view along line I-I in Fig 2; 
Fig. 3 is the same cross-sectional view as in Fig 2, after change in the slot 

angle; 

Fig. 4 illustrates one view of user interface, according to an embodiment 
of the invention; 
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Fig. 5A is a block diagram illusTating the manner of defining a brackets 
for use m the Rework of virtual treatment in accordance with an embodiment 
of the invention; 

Figs. 5B-5D iHustrate the brackets as viewed in various steps of the 
selection process; A 

Fig. 6A is a block diagram illustrating the manner of defiung a wire for 
use within the framework of a virtual treatment i„ accordance with an 
embodiment of the invention; - 

Figs. 6B and Fig 6C illustrate the manner in which the wire is viewed in 
vanous steps of the process of Fig. 6a; 

Fig. 7 is a block diagram illustrating the manner of attaching the brackets 
onto teeth in the virtual treatment, in accordance with an embodiment of the 
invention; 

Fig. 8 is a block diagram mustrating the steps of matching wires to jaws 
and vertical movement of teeth to a position dictated by the wire; 

Fig. 9 is a block diagram illustrating the steps of horizontal movement of 
teeth m the case of crowdness, i.e. collision between teeth; 

Fig. 10A is a block diagram illustrating the steps of matching wires to a 
jaw, in accordance with another embodiment of the invention, and movement of 
teeth as a result of virtual forces exerted by the wire or the teeth; and 

Fig. 10B and IOC illustrate me manner in which the association between 
the wire and the teeth is viewed in two steps of the process of Fig. 10A. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method and system for virtual 
movement of teeth using the framework or a set of rules from which is based in 
real life, although not necessarily identical. 
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In toe following, the invention m ay at toes be described with a 
r We tna e to various physical entities, such as ~ brackef , 
W.etc. Itshould, however, be understood** it itnphes, in most «ses J." 
representarion of these entities that is used in the virtoa, t^ 

clearly be inferred based on the context 7 

nun™ f , TC ^ m ° Vement " 8 ** t 3 D environment for the 

putpose of p,anmng an odontic treatment 0 r for any other putpose is a 

use of technics known to the orthodont from . ^ orthodontio ^ 
stmpufies this virtual orthodontic treatment. ^ 

orthodo „ ^ ttea,ment bereqUired " at ^ «° *°w me 

orutodonttode^eapotondaloutoomeoformodontic^eatment For such a 
purpose, me virtual treamrent need not necessarily f„„ow a course to be followed 
by the real orthodontic treatment sinco me focus may be only on the final 
outcome, namely on the final position and orientation of the teeth following the 
t-mteut In such a treating me orthodont may utilize orthodontic components 
and combustion b«ween such components, even such not used in real fife 
ormodontic treatment Examples are a selection of a wire wMt a different 
geomeuy than ma, used in real fife or, change in me slot angle within the brackets 
-as to yield an angular moment on the teem about the axis of the wire (see 

If however, a virtual treatment is intended to simulate the real 
treatment for me pmpose of treatment design, preferably m not necessarfly) 
only orthodontic components which simulate those used in reallife ormodontic 
treatment, will be used. 

In a typical yet not exclusive seouence of operation in virtual 

treating the user fits, selects brackets and places them a, appropriate oositions 
on the surface of se.ected teeth, usually all teeth of the jaw. In m M t cas~ 



brackets are placed on the buckal teeth surface; however, occasionally in the 
vtrtua. treatment brackets may a.,emative Iy or additionally be placed on lingual 
surface of the teeth (this may also be followed at toes i„ ^ Kfe orthodontic 
treatment). 

At a next step, the user may define the final desired distance 
between the teeth (the default is usually zero) and then selects an arch-wire from a 
library of such wires. The library may include wires of different widths, different 
cross-sectional shapes, and different geometries. Optionally, it is possible aWto' 
change the geometry of the selected wire, e.g. to make it to follow a tortous path 
m a vertical and/or a horizontal plane, etc. 

Thereafter, the wire may be associated with the teeth model for 
example, by combining them with virtual brackets fitted on the teeth surface or by 
attaching them first to virtual anchoring molars, and men to virtual brackets, etc. 
The effect of the components on each tooth is thereafter computed by the system, 
based on the set of rules to determine the outcome of the virtual treatment 

If the virtual treatment uses components which simulate real-life 
components, once an optimal result of virtual treatment is reached, the 
parameters, namely the type of components which were used and the manner they 
were combined with one another and with me teeth model, may be recorded and 
this may then used to generate a prescription for the orthodontic treatment. Such 
a prescription may specify the type of components used, the exact position of 
each component, e.g. the position of the bracket on each tooth, etc. 

The virtual treatment may obviously also provide a tool to estimate 
the treatment length and costs. 

The invention will now be further illustrated with reference to 
some specific, non-limiting embodiments, with reference to the annexed 
drawings. 

Figs. 1-3 show examples of a set of components which can be used 
in accordance with an embodiment of the invention. . In this specific embodiment, 
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ZZ TT- ° f 3 *** 20 ^ ^ 22 » * «*» of a 

^■h 2 4 f hlch onJy , poraon ^ reprcsented by a . seen 

ha, freedom of choice of ^ exact ^ rf ^ ^ 

*e surfcce of the tooth 24 and also car, slide wire 20 in a longimdinai axis within 
the reccing sIo « 26 of the bracket, as represented by the bi-directional arrow 28 

The Wire and the bracket may be associated with one another in 
different reiadve orientefions. In the example shown in Figs. 1 and 2, tbe wire 
whtch in this case has a rectangnlar cross-section, is received in a slot with wails' 
parallel and normal to the tooth's surfac. By some embodiments of the invention 
.« is possible to change the atgte of slot 26 about its centra! axis, as represented by 
arrow30, ta Fig . 2 to yield . ^ ^ ^ that shown in Fig. 3, wherein wire 22- 
has a mfFerent angular orientation, with respect to bracket 20-, thereby applying a 
moment onto tooth 24V 

Fig. 4 shows an example of an embodiment of one out of many 
possib.e variants of a user interface for realizing me initial component selection 
steps. The user can select the brackets ftom a library of brackets, and similarly 
can se.ect wires, bands etc. ftom corresponding libraries. In addition, the user has 
the abtlity to determine the type of forces and their direction which will act on 
each tooth. 

Fig. 5A illustrates the manner of defining a bracket for use in 
subsequent virtual treatment steps. In this process, the bracket is defined whh 
respectto a relative; ordinate system to allow its subsequent association with the 
wre, thus defining a "SWT frame of reference; (illustrated graphically in Figs 
5B and 5C) as well as to define another coordinate system to facilitate attachment 
of the bracket to the teeth, thus denning the "BONET reference frame (illustrated 
graphically in Fig. SD). 

Although the steps of bracket definition are typically carried once 

whtle creating the bracket library, it may also be repeated prior to each virtual 
treatment step while selecting brackets for the treatment 



F.g.6A illustrates the steps of choosing a wire and defining j, such 
to can be subsequently used in the framework of virtual treatment A wire is 
selected, its initial curve is defined (iuustrated graphical* m Fig . 6B) ^ — ^ 
wrre ,s placed in a relative coordinate system (illustiated graphically in Hi 6C) 

so as ,„ define a W frame of Terence, for subsequent use. Obviously as' 
wrll be appreciated, me x-y-z coordinate system of the "WIRE" frame' of 
reference should correspond to the x-y- z coordinate system of me "SLOT' 
reference frame. 

Fig. 7 illustrates the steps of attachment of a bracket onto a tooth 
A teem model is acquired, bracks are selected from the library and each bracket 
rs placed on a tooth using the "BOND" reference frame, such that the z axis of the 
BOND frame of reference is petpendicular to the surface. Once the bracket is 
placed at the desired location, it is both fixed in this location and men the process 
ts repeated a plurality of times in accordance with the number of bracket* to be 
placed on the teem. 

Fig. 8 illustrates the steps of matching the wires to the jaws The 
wires are selected from a library, and placed so that their spline curve will match 
that of the jaw or their spline curve may at times be edited to amend it in 
accordance with the particulars' parameters of the jaw in a particular teeth model 
In the specific Example shown, the process is first performed for the upper jaw 
and men for fire lower jaw, although it will be appreciated that this sequence may 
be altered, e.g. reversed, performed intermittently in the upper and lower jaws, etc. 

In this specific embodiment, the orientation and position of the wire 
dictates the final result, i.e. final alignment of all slots in the bracket In other 
words, in this specific embodiment a set of rules applied in the virtual treatment 
rncludes, at minimum, a requirement for vertical realignment of the slots, and 
hence of the teeth to which they are attached, so that all slots will arrive to the 
wire. The set of rules also dictate how to accomplish this result Put differently as 
a result of the virtual treatment in the final orientation which will be accomplished 



placed such that the wire snaps into ^ slots of ^ ~ tMth 

— - in H, 3., where the set of rules is dictated h £-» * 

Another set of rules which can be applied in case of , „■ • 

J* - moved horfcontaHy by sJiding ^ fte ^ ^ 
^^Maniier in which the virtual treatment is performed may allow also some^iser 
For examp.e, me user can define some teeth which may haX 
reman, stabonary, and others which ate aliowed to move. AhernatLy £ 

""^ fa ^ * * * *-* - this process to provide the user 
wtth an addtuona, degree or freedom, which involves changing the position anZ 
onentattonofthe bracket on the tooth surfice. "and/or 

,h «. , K8 ' 10 iUUStrateS aD ° ther ap *°*»« ° f «-*' movement within 
the framework of . ^ of ^ ^ ■ ^ *» 

wues are obtained, posfconed m proximity of the jaw (iliusfrated graphic! for 

^^^so^^^Z^Z 
tee* (dluarated graphically in Fig. ,0C) and men the forces appfied by me wire 

22 ^ ^ * -"J" ° f — obtained can then be 

^ Tbe present invention has been described with a certain degree of 
parttcularrty but i, should be understood ma, various modifications and aitlons 

by the following claims: 



